Background. Within the last decade, methicillin-resistant Staphylococcus aureus (MRSA) has emerged as a frequent cause of purulent skin and soft tissue infections. New therapeutic options are being investigated for these infections.
Skin and skin structure infections are among the most common infectious diseases, with an estimated incidence of almost 500 cases per 10 000 person-years [1] . Skin and skin structure infections vary in severity and depth, from mild infections that can be treated with topical antibiotics to life-threatening necrotizing fasciitis requiring surgical intervention. In an immunocompetent host, the vast majority of these infections are due to Staphylococcus aureus and β-hemolytic streptococci, primarily Streptococcus pyogenes [1] [2] [3] . In patients with compromised immune systems, other, less-virulent β-hemolytic streptococci (eg, Streptococcus agalactiae in patients with diabetes mellitus), and even gram-negative pathogens, may cause skin and skin structure infections [4, 5] .
S. aureus is the predominant pathogen identified in skin infection due to its greater proclivity, compared with streptococci, to form abscesses, which also increases the probability of obtaining a positive culture [1, 6] . Methicillin-resistant S. aureus (MRSA) strains are resistant to all clinically available β-lactam antibiotics, except ceftaroline, through their expression of penicillin-binding protein 2A, encoded by the mecA gene [7, 8] . From the 1990s until about 2013, significant increases in the number of MRSA skin infections were noted in the United States, coinciding with a steady increase in hospitalizations [9] . The incidence of MRSA in the United States is slowly decreasing, but remains sufficiently high that empiric coverage of MRSA is often initiated in treating purulent skin and soft tissue infections [10, 11] .
For clinical trial assessments of antimicrobial therapeutics in skin and soft tissue infections, the US Food and Drug Administration (FDA) defines an acute bacterial skin and skin structure infection (ABSSSI) as cellulitis/erysipelas, a wound infection, or a major cutaneous abscess that has an area of erythema, induration, or fluctuance of ≥75 cm 2 [12] . This definition guides how antibiotics are developed for ABSSSI, which can differ from clinical practice by excluding common diseases such as diabetic foot infections, animal bite wounds, and catheter-associated skin infections [13] .
Omadacycline is an aminomethylcycline, which is a semisynthetic tetracycline antibiotic, approved in the United States for the treatment of ABSSSI and community-acquired bacterial pneumonia [14] . Omadacycline demonstrated potent in vitro activity against common gram-positive aerobes, many gram-negative aerobes, anaerobes, and atypical bacterial pathogens [15, 16] . Omadacycline is active against strains that exhibit common mechanisms of resistance specific to tetracyclines (efflux pumps and ribosomal protection), as well as strains that are resistant to currently available antibiotics for ABSSSI, including β-lactams, glycopeptides, macrolides, and fluoroquinolones [15] . This article reports the integrated analysis of 2 phase III studies of omadacycline in the treatment of ABSSSI.
METHODS
The Omadacycline in Acute Skin and Skin Structure Infections Study (OASIS) program was composed of 2 phase III, multicenter, randomized, double-blind, double-dummy, noninferiority studies: the global OASIS-1 (NCT02378480) and the US-only OASIS-2 (NCT02877927) [17, 18] . Both studies enrolled adults with ABSSSI meeting the FDAestablished criteria, and compared outcomes of treatment with omadacycline or linezolid. OASIS-1 initiated patients on intravenous (IV) omadacycline or IV linezolid, with the option to transition to oral formulations after day 3 if there was evidence of clinical improvement. OASIS-2 investigated oral-only formulations of omadacycline versus linezolid ( Table 1) .
The primary efficacy population for the FDA was the modified intent-to-treat (mITT) population, which included all randomized patients without a baseline sole gram-negative pathogen, as the comparator linezolid does not provide gram-negative pathogen coverage. The coprimary efficacy populations for the European Medicines Agency (EMA) were the mITT population and the clinically evaluable (CE) population, which consisted of all patients in the mITT population who received a study drug, had a qualifying ABSSSI, had an assessment outcome, and met all other criteria for evaluation. The microbiological mITT (micro-mITT) population consisted of all patients in the mITT population who had ≥1 gram-positive causative pathogen. The microbiologically evaluable population consisted of all patients included in both the micro-mITT and CE populations, and the safety population included all intentto-treat patients who received ≥1 dose of a study drug.
Endpoints were investigated to meet requirements for the 2 regulatory agencies. The FDA primary endpoint for both studies was early clinical response (ECR) at 48-72 hours after treatment initiation, defined as: patient alive, with a reduction in lesion area of ≥20% vs baseline and no receipt of rescue antibacterial therapy. The EMA coprimary endpoint for both studies was the investigator-assessed clinical response (IACR) at the posttreatment evaluation (PTE), which occurred 7-14 days after last dose for both the mITT and CE populations. A successful IACR was defined as the patient being alive, with resolution of the signs and symptoms of infection such that further antibacterial treatment was not needed. The EMA coprimary efficacy endpoints were also secondary efficacy endpoints for the FDA.
Both studies also assessed the microbiological response at the end of treatment (EOT) and at PTE. Infection-site samples and blood were obtained for culture and microbiological testing, including appropriate protocol-defined samples (eg, punch biopsy, leading edge aspirate) from those with cellulitis/erysipelas. The numbers of patients with a favorable (eradication and presumed eradication) and an unfavorable (persistence, presumed persistence, and indeterminate) microbiological response were calculated. A superinfection was defined as a nonbaseline pathogen isolated from the primary ABSSSI site in a patient assessed as exhibiting clinical failure while the patient was still on the study drug, and a new infection was defined similarly except for its occurrence while the patient was no longer on the study drug. Safety was assessed by measuring vital signs, electrocardiograms, standard laboratory parameters (ie, chemistry, hematology, and coagulation), and adverse events.
Data presented here are integrated analyses from OASIS-1 and OASIS-2. A noninferiority margin of 10% was used for ECR, based on historical data comparing antibacterial drugs vs nonantibacterial treatments and current guidance from the FDA [12] . A noninferiority margin of 10% for IACR was based on guidance from the EMA [19] . The 2-sided 95% confidence intervals (CI) for the differences in ECR and IACR clinical success rates were calculated using the Miettinen and Nurminen method, with stratification [20] . Noninferiority of omadacycline to linezolid was concluded if the lower limit of the 95% CI for the treatment difference was greater than -10%. No control for multiplicity was employed for the analysis of IACR, since this was the primary endpoint for the EMA. No inferential analyses were conducted for other endpoints or for analysis populations.
RESULTS
Patient demographic and baseline characteristics were similar in the omadacycline and linezolid groups ( Table 2 ). The mean age was 45.1 years (standard deviation [SD] 14.2), and 92.6% of patients were ≤65 years of age. Overall, 63.6% of patients were male. A total of 82.6% of patients were enrolled from a US site, 12.5% from a European Union site, and 4.9% from a site located outside the United States or European Union. In total, 89.5% (624/697) of patients receiving omadacycline and 87.0% (603/693) receiving linezolid completed study treatment ( Figure  1 ). Reasons for study treatment discontinuation for patients receiving omadacycline or linezolid included being lost to follow-up (3.3% and 4.9%, respectively); withdrawal of consent (both 2.0%); physician decision (1.4% and 2.3%); death (0.0% and 0.1%); and having an adverse event (1.7% and 1.6%). IV drug use was reported in 59.6% of patients, a history of ABSSSI was reported in 51.4%, and diabetes was present in 5.6% of patients receiving omadacycline and 9.7% of patients receiving linezolid.
The most common lesion locations were the lower extremity (38.3% for omadacycline vs 36.1% for linezolid) and the upper extremity (29.9% for omadacycline vs 31.6% for linezolid). Baseline infection types were similar in both groups: wound infection was seen in 46.8% of all patients, cellulitis/erysipelas in 30.5%, and major abscess in 22.7% (Table 2 ). In patients with major abscesses, 72.9% of omadacycline and 67.5% of linezolid patients had an allowed drainage procedure prior to (or within 48 hours following) the first dose. The mean baseline lesion area was 437 cm 2 (SD 403) for patients randomized to omadacycline and 444 cm 2 (SD 491) for those randomized to linezolid. Mean lesion surface areas across both treatment groups were >400 cm 2 for wound infections and cellulitis, and >300 cm 2 for major abscesses.
The mean treatment duration was 8.7 days (SD 2.8) for the omadacycline group and 8.5 days (SD 3.0) for the linezolid group. In the omadacycline group, 37.9% (262/691) had a treatment duration of 4-8 days, and 54.1% (374/691) had a treatment duration of 9-14 days. In the linezolid group, 40.3% (278/689) had a treatment duration of 4-8 days and 49.5% (341/689) had a treatment duration of 9-14 days.
Clinical Efficacy
Omadacycline
.5% omadacycline, 6.0% linezolid); notably, most of these patients went on to have IACR at EOT and PTE. Similarly, omadacycline was noninferior to linezolid for the EMA coprimary endpoint of IACR at PTE in the mITT population (85.1% vs 82.1%; difference 2.9, 95% CI -1.0 to 6.9) and CE population (97.1% vs 94.6%; difference 2.5, 95% CI 0.2-5.0). The most common reason for failure at PTE was that the patient required additional antibiotic therapy for the infection under study (omadacycline 1.6%, linezolid 1.6%). Efficacy results for both ECR and IACR at PTE were similar in additional analysis populations, including the micro-mITT and microbiologically evaluable populations (Figure 2) .
No differences in efficacy were observed by infection type or by lesion area (Table 3 ). ECR and IACR at PTE were >80% for each infection type, except for cellulitis (ECR of 78.9% for omadacycline, vs 81.2% for linezolid) and wound infections (IACR at PTE of 82.1% for omadacycline, vs 78.0% for linezolid). The vast majority . ECR and IACR at PTE were >80% in both treatment groups for baseline lesion areas <1000 cm 2 . For baseline lesion areas >1000 cm 2 , omadacycline had lower ECR rates than linezolid (73.3% vs 80.0%, respectively), but had higher IACR at PTE rates (82.2% vs 74.0%). Altogether, 82 patients in each treatment group met ≥2 criteria for systemic inflammatory response syndrome (SIRS) at baseline [21] . In omadacycline-and linezolid-treated patients who met SIRS criteria at baseline, ECR (82.9% and 80.5%, respectively) and IACR (80.5% and 79.3%) were similar at PTE.
Lesion areas were reduced early and substantially from baseline in both groups (Figure 3) . In each trial and in the integrated analysis, a ≥20% reduction in lesion area was observed by day 2. At day 3, the mean reduction from baseline in lesion area was 53.4% (SD 25.8%) for omadacycline-treated patients and 53.0% (SD 24.2%) for linezolid-treated patients. By EOT, the mean reduction in lesion area was 93.9% (SD 14.7%) and 93.7% (SD 13.5%) for omadacycline-and linezolid-treated patients, respectively.
Clinical Response by Baseline Pathogen
At least 1 gram-positive ABSSSI pathogen was identified in 1018/1390 (73.2%) intent-to-treat patients in the phase III ABSSSI studies (Table 2 ). S. aureus was the most common pathogen, detected in 74.6% of patients in the omadacycline group and 74.7% of patients in the linezolid group in whom a pathogen was identified (micro-mITT; Table 2 ). MRSA was isolated in 34.3% and 30.5% of patients in whom a pathogen was identified in the omadacycline and linezolid groups, respectively.
Omadacycline demonstrated similar efficacy to linezolid in treating infections caused by S. aureus (including MRSA), S. pyogenes, and Streptococcus anginosus (Table 4) Baseline bacteremia was identified in 13 omadacyclinetreated patients and 17 linezolid-treated patients. Most patients with bacteremia at baseline (30/1347) had S. aureus identified as a causative pathogen. For patients with bacteremia at baseline, ECR was achieved in 8/13 (61.5%) omadacycline-treated and 14/17 (82.4%) linezolid-treated patients. There were 3 omadacycline-treated patients (2 with methicillin-susceptible S. aureus and 1 with S. pyogenes) and 1 linezolid-treated patient (with methicillin-susceptible S. aureus) who had bacteremia and were considered failures at ECR. At PTE, clinical success by IACR was achieved in 10/13 (76.9%) omadacycline-treated patients and 14/17 (82.4%) linezolid-treated patients. Microbiological responses at PTE were favorable in 423/504 (83.9%) and 413/514 (80.4%) omadacycline-treated and linezolid-treated patients, respectively, and were consistent with clinical responses. Superinfection and new infection each occurred in 2 (0.4%) omadacycline-treated patients and in 1 (0.2%) and 5 (1.0%) linezolid-treated patients, respectively. No pathogen developed resistance to a study drug during therapy.
Safety
Treatment-emergent adverse events (TEAEs) were reported by 353/691 (51.1%) patients receiving omadacycline and 284/689 (41.2%) patients receiving linezolid (Table 5) . Most of these patients reported TEAEs that were mild (omadacycline, 32.3%; linezolid, 26.0%) or moderate (omadacycline, 17.1%; linezolid, 12.8%) in severity. Severe TEAEs were reported in 1.7% of patients in the omadacycline group and 2.5% of those in the linezolid group. Serious TEAEs and discontinuations due to TEAEs and serious TEAEs were infrequent (Table 5 ). There was 1 death (0.1%) in the omadacycline group (opiate overdose) and 3 deaths (0.4%) in the linezolid group (1 cardiac arrest, 1 cardiac failure, and 1 illicit drug overdose). No death was considered related to the study treatment.
The most frequently reported TEAEs were nausea (omadacycline, 21.9%; linezolid, 8.7%) and vomiting (omadacycline, 11.4%; linezolid, 3.9%; Table 6 ). All gastrointestinal (GI) TEAEs were reported as mild or moderate in patients receiving omadacycline. GI TEAEs led to study drug discontinuation in 2 (0.3%) patients receiving omadacycline and in 1 (0.1%) patient receiving linezolid (see Opal et al, in this supplement, for further details).
Infusion-site extravasations were reported in 8.7% of patients receiving omadacycline and 5.9% of those receiving linezolid in OASIS-1, were considered unrelated to the study drug, and were related to difficulty obtaining IV access in patients with a history of IV drug use. Skin and skin structure infection TEAEs included wound infection (omadacycline, 4.3%; linezolid, 3.2%), cellulitis/erysipelas (omadacycline, 3.9%; linezolid, 3.5%), and subcutaneous abscess (omadacycline, 3.3%; linezolid, 3.9%). These events represented worsening of the study infection, a recurrent infection at the index ABSSSI site, or a new ABSSSI distinct from the study infection, and were considered unrelated to the study treatment.
No clinically significant trends in standard laboratory parameters (ie, chemistry, hematology, and coagulation), vital signs, or electrocardiogram measurements were observed in either treatment group. TEAEs of increased liver transaminases were similar in both treatment groups (Table 6 ). Postbaseline increases in alanine aminotransferase >3 × upper limit of normal occurred in 4.7% and 4.1% of omadacycline-treated and linezolid-treated patients, respectively. Postbaseline changes in total bilirubin >2 × upper limit of normal occurred in 0.7% and 0.2% of omadacycline-treated and linezolid-treated patients, respectively. No patients met the criteria for Hy's Law.
DISCUSSION
In this integrated analysis of OASIS-1 and OASIS-2, omadacycline was noninferior to linezolid in the treatment of ABSSSI for the primary endpoints. The efficacy results were consistent between the FDA early (ECR) and EMA late (PTE) assessments; ECR and IACR at PTE results within subpopulations were also consistent with the primary efficacy results. Omadacycline demonstrated a similar rate of clinical response to linezolid in the integrated analysis, with a reduction of ≥20% in the lesion areas observed by day 2. Overall, the integrated analysis of almost 1400 patients demonstrated that omadacycline is as effective as linezolid, a commonly used ABSSSI therapy.
Omadacycline was effective in ABSSSI caused by S. aureus, including MRSA (Table 2 ). Due to the rise in MRSA in the early 2000s, MRSA remains the most prevalent and resistant ABSSSI pathogen requiring effective treatment in clinical practice. It should be noted that the mean lesion area in these trials was almost 6 times larger than the minimum lesion area for trial enrollment of 75 cm 2 ; omadacycline was effective against large ABSSSI lesions. In light of these efficacy results, healthcare providers may consider omadacycline an appropriate empiric treatment option prior to culture availability in patients with a large area of skin involvement, in particular when MRSA coverage is required. Omadacycline was safe and well tolerated, with safety results similar to linezolid. Consistent with studies of tetracyclines, GI adverse events were the most common TEAEs reported [22] . Oral administration of omadacycline was associated with higher rates of GI TEAEs, compared with IV omadacycline or linezolid; however, there were few study drug discontinuations related to GI TEAEs. These higher rates of nausea and vomiting were associated with the 450 mg loading dose during the first 2 days of the oral-only OASIS-2 study; rates of nausea and vomiting decreased thereafter (see Opal et al, in this supplement).
While clinicians have many antimicrobial options in the treatment of ABSSSI, the current treatment paradigms in ABSSSI call for increased efficiency and streamlining in the overall approach to care. Omadacycline's spectrum of activity includes: (1) typical gram-positive ABSSSI pathogens (including antibiotic-resistant strains), which make it useful for the empiric treatment of cellulitis and major abscess; and (2) many gram-negative and anaerobic pathogens (as reported by Pfaller et al [23] and Stapert et al [24] ), which may contribute to wound infections, especially in patients with comorbidities that compromise innate immunity (eg, diabetes mellitus). With both IV and oral formulations, omadacycline may allow for the improved utilization of hospitalization resources, particularly for the many patients hospitalized for ABSSSI who show no systemic symptoms and have limited comorbid conditions [25] . Many patients with ABSSSI are admitted to the hospital solely for administration of IV antibiotics [26] . Once hospitalized, the average length of hospital stay for ABSSSI treatment is ~4-7 days [3, 27, 28] . Treatment with omadacycline and its availability in both IV and oral formulations may facilitate transitions from inpatient to outpatient therapy, thereby reducing lengths of hospitalization or even possibly avoiding admissions altogether [29] .
The limitations of the integrated analysis are similar to the limitations of the individual studies. The studies enrolled few elderly patients or patients with diabetes, which reflects the epidemiology of participants enrolled in the FDA ABSSSI registration trials [1, 30, 31] . In alignment with regulatory guidance, patients with some types of common community-acquired skin infections, including bite wounds and chronic skin infections (eg, diabetic foot infections), were excluded. Additionally, because the comparator, linezolid, does not provide coverage against gram-negative bacteria, the OASIS studies were not able to analyze the efficacy of omadacycline against these pathogens. Future research, including postmarketing real-world evidence data, should expand upon omadacycline's utility in treating these important subgroups and infection types.
CONCLUSIONS
Omadacycline was noninferior to linezolid for ECR and late clinical responses in ABSSSI. Omadacycline had high efficacy, similar to that of linezolid, in the treatment of ABSSSI caused by gram-positive pathogens, including MRSA. Omadacycline showed an acceptable safety profile and is another therapeutic option for ABSSSI.
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